blurred vision and headache weeks or months beforehand. Although some episodes are self-limiting, permanent damage can occur from neural compression of the optic nerve, chiasm, or tract. Surgical removal is the recommended treatment to restore or preserve vision, to decompress the visual apparatus, and to eliminate the risk of future hemorrhages. However, the anatomical location and eloquence of intrinsic neural structures can make these formidable lesions difficult to surgically access and remove. In this study, we evaluated 65 cases of OPH CMs in the literature, including a newly reported case from our institution. We also analyzed the clinical and radiographic characteristics and reviewed the surgical approaches and neurological and visual outcomes of OPH CMs.
Methods
A biomedical literature search for OPH CMs confined to the English language was performed using the MED-LINE/PubMed search engine. The search included the following key words: "cavernous malformation," "cavernoma," "cavernous hemangioma," "cavernous angioma," combined with "optic nerve," "optic chiasm," "optic tract," and "hypothalamus," for all possible combinations. All relevant articles pertaining to CMs of the OPH were reviewed. Additional cases were identified in the references of these articles, that is, references to articles that did not show up on the initial PubMed search. A total of 64 OPH CM cases were identified. 2, [8] [9] [10] [12] [13] [14] [15] 18, 19, 21, 22, [25] [26] [27] [29] [30] [31] [36] [37] [38] [39] [40] [41] [42] [46] [47] [48] 51, 52, [57] [58] [59] [60] [61] [62] [63] [64] 67, 68 We also report an additional case in this paper, making a total of 65 cases that were reviewed. Each case was analyzed for clinical presentation, lesion location, radiographic features, surgical treatment, and neurological and visual outcome (Table 1) .
Results
Among the 65 cases of OPH CMs, 60 lesions arose from the optic pathway and 5 from the hypothalamus. The optic chiasm was affected in 54 cases, the optic nerve(s) in 35, the optic tract in 13, and the hypothalamus in 5. Three cases occurred as a third ventricular mass. One case of a hypothalamic CM extended into the thalamus, and another extended into the basal ganglia. Among the 65 cases were 36 females and 29 males. The average age was 34 years (range 4-63 years). The majority of cases (73%) occurred in patients in their 2nd to 4th decade of life.
Clinical Characteristics
The most common presenting symptom was visual deficit (98%), including visual acuity loss, visual field deficit, or both. Bitemporal hemianopia was the most prevalent pattern of visual field loss from chiasmal involvement (16 cases [25%]), followed by homonymous hemianopia from optic tract involvement (12 cases [18%] ). An afferent pupillary defect was present in 17 cases (26%). Sixteen patients (25%) experienced prior episodes of visual disturbance, and 7 (11%) of these had long-term fluctuation of their visual symptoms. Thirty-nine patients (60%) presented with a headache or retroorbital pain, and 15 of them (38%) had a history of headaches. Five patients presented with confusion, 4 with nausea, 2 with lethargy, 2 with gait disturbance, and 1 with endocrine disturbance. The onset of symptoms was acute (chiasmal apoplexy) in 38 patients (58%), subacute in 10 (15%), and progressive in 17 (26%). Nineteen of the 38 patients (50%) presenting with chiasmal apoplexy had prior episodes of acute headache and visual loss.
Radiographic Characteristics
In 39 patients with preoperative CT scans, the OPH CMs appeared as suprasellar hyperdense masses. Fiftysix percent of these lesions had calcification. Cerebral angiography studies for 33 patients did not reveal any arterial feeding vessels or early draining veins suggestive of arteriovenous malformations. Magnetic resonance imaging data were available for 52 patients, including T2 gradient echo scans in 32 instances. In 46 cases (88%), the lesion was described as heterogeneous with mixed signal intensities suggestive of different ages of blood. This appearance was often described as a "popcorn-like" lesion. A peripheral rim of hypointensity (hemosiderin ring) on T2-weighted images was reported in 31 cases (60%). Minimal or no enhancement occurred after the intravenous administration of Gd. Lesions of the optic nerve or tract tended to appear as a thickened nerve with an increase in diameter that was best seen on coronal images. Lesions of the chiasm or hypothalamus were characterized as focal and round suprasellar masses. Acute hemorrhage was reported in 35 patients (54%). Evidence of old or chronic bleeding, often discovered intraoperatively, was found in 18 patients (28%). Additional cerebral CMs were found in 10 patients (15%), including the patient newly described in this study. In this new case, there were multiple CMs within the OPH region: 1 from the optic chiasm and 1 from the left optic tract. Two patients presented with a subarachnoid hemorrhage, and 2 with intraventricular hemorrhage. Lesion sizes ranged from 0.5 to 4.0 cm.
In 22 (34%) of 65 patients, the initial preoperative radiographic diagnosis was difficult to make, and a CM was not suspected as the initial diagnosis. The differential diagnosis most commonly included craniopharyngioma, optic neuritis, or optic glioma.
Surgical Treatment and Outcomes
Most patients (97%) were treated surgically. Grosstotal resection was performed in 39 cases (60%), STR in 4 (6%), biopsy procedure alone in 4 (6%), biopsy procedure with decompression of the hemorrhage in 15 (23%), and biopsy procedure followed by radiation in 1 case. Fortythree (75.4%) of 57 patients with outcome data experienced improvement in vision, 11 had stable vision (19.3%), and 3 had worsening vision (5.3%). For those who underwent GTR, 85% had visual improvement, 12% had no change, and 3% had worsened vision ( Table 2) . Of the 4 patients who underwent STR, 2 had visual improvement and 2 had no change. Biopsy procedure alone resulted in stable vision in 2 patients; there was no visual outcome data in the other 2 patients. 61 Biopsy procedure with decompression resulted in a 77% rate of visual improvement, 15% visual stabilization, and 8% visual worsening. Biopsy procedure followed by radiation therapy resulted in visual stabilization in 1 patient. A variety of operative approaches were used for the surgical removal of OPH CMs. An anterolateral approach (pterional, orbitozygomatic, or frontotemporal) was used in 76% of patients, and a midline transcranial approach (transbasal subfrontal or transbasal interhemispheric) in 17%. One patient underwent a frontoparietal approach, 1 a transcortical transventricular approach, and 1 an eyebrow keyhole craniotomy approach. There were 9 reports of opening the lamina terminalis (including our new case) to access the CM within the third ventricle.
Two patients were not treated surgically. 2, 8 One was treated with prednisone and acetazolamide for presumed optic neuritis with a fluctuating clinical course that ended in total blindness in 1 eye. The other patient was treated conservatively with observation for an unresectable lesion and experienced spontaneous total recovery of vision without surgical intervention. The duration of follow-up was available for just 26 cases described in the literature, with an average of 8 months (range 1 month-4 years).
Illustrative Case
History and Examination. This 50-year-old woman presented with progressive visual loss in both eyes (worse on the right) with a left temporal visual field deficit. Magnetic resonance imaging revealed a heterogeneously enhancing suprasellar mass involving the optic chiasm (Fig.  1) . Gradient-echo sequences demonstrated blooming consistent with old hemorrhage. The radiographic diagnosis was consistent with a suprasellar CM of the optic chiasm located within the third ventricle. The patient also had an asymptomatic CM in the dorsal brainstem with an associated deep venous anomaly. Because the patient was losing vision in her right eye, resection was recommended.
Operation. A right pterional transsylvian approach was used to expose the optic chiasm, optic nerves, and suprasellar cistern. The chiasm appeared tinged with brown, consistent with old hemosiderin; however, no obvious CM was visible within the surgical exposure. The lamina terminalis was, therefore, opened to explore the third ventricle. Within the ventricle, an abnormal mulberry-like lesion consistent with a CM was noted. The lesion, which extended to the right optic chiasm, was totally resected via careful microdissection with preservation of the optic chiasm and optic nerves. Further exploration of the third ventricle revealed another separate CM arising from the left optic tract, which was surgically removed. Complete resection was achieved for both lesions.
Postoperative Course. Pathological examination confirmed that both lesions were CMs (Fig. 2) . Each malformation was surrounded by reactive changes including inflammation, fibrosis, and hemosiderin. Immunohistochemical staining was positive for CD34, indicating the endothelial lining of the CM. Elastin stain was negative, indicating the absence of an arterial component and thereby ruling out an arteriovenous malformation.
Postoperatively, the patient's visual acuity improved to 20/20 in the left eye and 20/50 in the right eye. The left temporal field deficit remained stable. There were no neurological deficits. Follow-up MR imaging studies at 2 years demonstrated complete removal of the CMs without any evidence of recurrence (Fig. 3) .
Discussion
Cavernous malformations have an incidence of 0.3-0.7% in the general population, 43, 50 with < 1% of CMs appearing in the OPH region. 21 Most patients present with symptoms in their 2nd-4th decade of life. 54 There is generally no sex predilection, but hemorrhage reportedly occurs more frequently in females than in males (36 females:25 males 1 ). Optic pathway and hypothalamic CMs are usually brought to clinical attention by visual deterioration. Chiasmal apoplexy is the most common clinical presentation, characterized by sudden visual disturbance, headache, retroorbital pain, and nausea. Apoplectic symptoms are often preceded by transient blurred vision and headaches that occur weeks or months beforehand. Symptoms can also occur in a chronic or progressive manner with intermittent episodes of headache and visual loss. Chiasmal apoplexy is nearly always associated with acute hemorrhage.
2 Transient or progressive symptoms are likely to result from recurrent episodes of hemorrhage and lesion growth; 8 however, the fluctuation of visual symptoms may not necessarily be associated with radiographic documentation of hemorrhage. 50 
Natural History
The natural history of OPH CMs specifically is not clear, as most reported cases have been surgically treated. Nonetheless, we can attempt to extrapolate the natural history from data acquired in cerebral and brainstem CMs. The rate of hemorrhage for CMs, in general, ranges from 0.7% to 3.1% per year. 43, 54 Prior hemorrhage is a risk factor for subsequent bleeding, as rehemorrhage rates for cerebral CMs have been found to range from 3.8% to 22.9%. 1, 28 There is evidence that the rehemorrhage rate for an untreated bleed is high in the first 2-3 years but decreases thereafter. 4 Although the hemorrhage and rehemorrhage rates for OPH CMs are not known, they are generally thought to be higher than those for cerebral lesions. 31, 44 A large study of brainstem CMs revealed a 5% per year hemorrhage rate and a 30% per year rehemorrhage rate. 50 Other authors have reported brainstem rebleed rates of 17.7% per year with up to more than 1 hemorrhage per year. 6, 55 The significantly higher rebleed rates seen with brainstem CMs may be partially due to the eloquent nature of the surrounding tissue. Therefore, each bleeding event is likely to result in a clinically apparent neurological deficit. It is reasonable to consider OPH CMs in a similar fashion with a higher rebleed rate because of the eloquent location of the visual apparatus. Therefore, each hemorrhagic event is likely to result in a symptomatic visual deficit. 
Neuroimaging Studies
Magnetic resonance imaging is the most sensitive and specific imaging modality for identifying CMs. 53 These lesions usually appear as areas of mixed signal intensity with a hypointense rim. A typical "popcorn" appearance is characteristic of hemorrhagic components of different ages. Minimal or no enhancement occurs after the intravenous administration of Gd. Lesions of the optic nerve or tract may appear as nerve thickening on coronal views, whereas lesions in the chiasm or hypothalamus often appear as focal and round masses. Gradient-echo sequences are particularly sensitive to small hemorrhages and are ideal for detecting the presence of additional lesions in patients with multiple CMs. 31 The hemosiderin rim appears particularly dark on T2 gradient-echo sequences. 66 It is notable that peripheral hypointensity was not found in more than one-third of the cases providing detailed MR imaging information. The absence of the hemosiderin rim may have resulted from blood washout by CSF. 47 On CT scans, OPH CMs appear as areas of hyperdensity with or without calcification and can sometimes mimic the appearance of a tumor or thrombosed aneurysm. 58 Angiography does not typically show any pathological vessels. In some cases, however, an associated venous angioma (developmental venous anomaly) can be visualized.
20,21

Differential Diagnosis
The differential diagnosis includes optic glioma, craniopharyngioma, meningioma, arteriovenous malformation, venous angioma, thrombosed aneurysm, pituitary apoplexy, and optic neuritis. 9, 39, 44 Optic gliomas can cause enlargement of the optic nerve or chiasm but usually do not exhibit signs of hemorrhage. 47 Intense enhancement after contrast administration is common for these lesions. 23 Meningiomas of the optic nerve sheath typically appear as tram-tracking patterns of enhancement around the nerve. 65 Craniopharyngiomas can appear cystic and/or solid with calcification on CT and typically enhance after contrast administration. 11 Arteriovenous malformations and aneurysms can be distinguished from CMs by their visibility on angiography. Venous angiomas are commonly associated with brainstem CMs and may have a role in inducing their formation. 5 Both contrast-enhanced MR imaging and angiography are useful in revealing associated venous angiomas (Fig. 1) . The symptoms of pituitary apoplexy may resemble chiasmal apoplexy but can be distinguished by the presence of ocular paresis from cavernous sinus compression. 45 Optic neuritis, which can cause acute visual loss, appears as an intensely enhanced optic nerve on fat-suppressed post-Gd T1-weighted MR imaging. 3, 8 Surgical Treatment, Timing, and Visual Outcomes Gross-total resection is the gold standard of treatment, as any residual malformation can be at risk for rebleeding. 12, 22, 31, 44, 47, 59 Biopsy procedure alone is not recommended because of the risk of further bleeding and visual worsening. 12, 47 While decompression without complete resection has resulted in visual improvement, this strat- egy does not eliminate the risk of recurrent hemorrhage. The lack of long-term follow-up data makes it difficult to evaluate rebleed rates or the durability of visual improvement following decompression or STR. Currently, there are not enough data to favor stereotactic radiosurgery as a primary treatment for OPH CM. The role of radiosurgery for CMs in general is still controversial. Recent evidence suggests that the risk of recurrent hemorrhage may be reduced after radiosurgery; 35 however, radiationrelated complications are greater for CMs than for arteriovenous malformations, even when adjusting for lesion size and radiation dosage. 49 In cases of chiasmal apoplexy in which emergent surgical decompression of the optic apparatus is warranted, radiation therapy may not be the ideal form of treatment.
The timing for surgical intervention in OPH CMs may differ from that for malformations in other locations. For brainstem CMs in general, it has been advised to wait until 2 symptomatic hemorrhages have occurred before attempting resection. This strategy is based on the reasoning that only then will the risk of surgery be less than the risk of any morbidity associated with a subsequent hemorrhage. 17 In some cases, however, earlier intervention may be more appropriate for OPH CMs. 12, 22, 47 In patients with chiasmal apoplexy, emergent surgery (usually within 24 hours) is warranted to avoid permanent compressive damage to the visual pathway. 31 Rapid diagnosis is important, as even total visual loss can improve if decompression of the optic apparatus is achieved promptly. 46 Despite the critical location, excellent surgical outcomes can be achieved. Ninety-four percent of the patients treated surgically in the present study experienced visual improvement or stabilization. Visual acuity and visual field improved simultaneously most of the time. In the present study, the highest rate of visual improvement (85%) was achieved in those who underwent GTR (Table  2) . Only 2 patients experienced worsening of their vision after total resection.
Surgical Approach
Lesions of the OPH present an operative challenge because of their deep and eloquent location in the brain. The optimal surgical approach should provide maximal exposure of the optic chiasm with the shortest distance to the lesion while using minimal brain retraction. One should be prepared to open the lamina terminalis and explore the third ventricle, as some of these malformations are located intraventricularly. In our case included in the present study, the lesion was not visualized on initial exposure of the optic chiasm until the lamina terminalis was entered. Access to the lamina terminalis can be achieved using anterolateral approaches (pterional, supraorbital, or orbitozygomatic) and midline approaches (transbasal subfrontal, or transbasal interhemispheric). The majority of cases reviewed in this study involved an anterolateral approach (45% frontotemporal, 42% pterional, and 13% orbitozygomatic). The orbitozygomatic approach is a natural extension of the pterional approach and offers a wider exposure, shorter distance to the target, and more inferior-to-superior viewing trajectory. 16, 56 The major disadvantage of anterolateral approaches to the lamina terminalis is the lack of midline orientation and lack of visualization of the ipsilateral wall of the third ventricle. In a midline approach to the lamina terminalis, both walls of the third ventricle and hypothalamus are well visualized for direct microdissection of the lesion. 34 
Conclusions
Cavernous malformations of the OPH are rare and challenging lesions. In cases of chiasmal apoplexy, emergent surgical removal is indicated to prevent permanent visual damage. Gross-total resection of these malformations is associated with favorable visual outcomes.
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